We investigate chiral properties of local (non-derivative) fields of baryons consisting of three quarks with flavor SU (3) symmetry. We construct explicitly independent local three-quark fields belonging to definite Lorentz and flavor representations. Chiral symmetry is spontaneously broken and therefore the baryon fields can have different chiral representations. It turns out that the allowed chiral representations are strongly correlated with the Lorentz group representations due to the color and spatial structure of the local three-quark fields. We discuss some implications of the allowed chiral symmetry representations on phenomenological Lagrangians with chiral U (3)L⊗U (3)R symmetry.
depend significantly on the choice of the interpolators, which are generally taken as linear combinations of the independent ones [5, 15, 20] .
In this paper, we perform a complete classification of baryon fields written as local products (without derivatives) of three quarks according to chiral symmetry group SU (3) L ⊗ SU (3) R . This is an extension of our previous work for the case of flavor SU (2) [12] . Technically, the SU (3) algebra introduces more complications, which makes insight less at work. Hence, here we attempt to explore a rather technical aspect which enables one to perform systematic classification. We derive general transformation rules for baryon fields for the classification, while maximally utilizing the Fierz transformations in order to implement the Pauli principle among the quarks. The objective of SU (3) baryon fields provides a simple but suitable exercise how the method works. It can be extended to systems with more complex hadron fields containing more quarks [20] .
As in the previous paper [12] , we first establish the classification under the flavor SU (3) symmetry, and then investigate the properties under chiral symmetry group. The method is based essentially on the tensor method for SU (3), while the Fierz method for the Pauli principle associated with the structure in the color, flavor, Lorentz (spin) and orbital spaces is utilized when establishing the independent fields. It turns out that for local three-quark fields, the Pauli principle puts a constraint on the structure of the Lorentz and chiral representations. This leads essentially to the same permutation symmetry structure as in the case of flavor SU (2) . This paper is organized as follows. In Section II, we establish the independent local baryon interpolating fields, and investigate their flavor SU (3) symmetry properties. In Section III, we investigate the properties of the baryon fields under chiral symmetry transformations SU (3) L ⊗ SU (3) R . We find that both flavor and chiral symmetry properties are related to the structure of the Lorentz group. Eventually, in Section IV, we find that this can be explained by the Pauli principle for the left and right handed quarks, which puts a constraint on permutation symmetry properties of three-quarks. Some complicated formulae are shown in appendices.
II. FLAVOR SYMMETRIES OF THREE-QUARK BARYON FIELDS
Local fields for baryons consisting of three quarks can be generally written as
where a, b, c denote the colour and A, B, C the flavour indices, C = iγ 2 γ 0 is the charge-conjugation operator, q A (x) = (u(x), d(x), s(x)) is the flavour triplet quark field at location x, and the superscript T represents the transpose of the Dirac indices only (the flavour and colour SU (3) indices are not transposed). The antisymmetric tensor in color space ǫ abc , ensures the baryons' being color singlets. The space-time coordinate x does nothing with our studies, and we shall omit it. The matrices Γ 1,2 are Dirac matrices which describe the Lorentz structure. With a suitable choice of Γ 1,2 and taking a combination of indices of A, B and C, the baryon operators are defined so that they form an irreducible representation of the Lorentz and flavour groups, as we shall show in this section. We employ the tensor formalism for flavour SU (3) a la Okubo [21, 22, 23, 24, 25] for the quark field q, although the explicit expressions in terms of up, down and strange quarks are usually employed in lattice QCD and QCD sum rule studies. We shall see that the tensor formulation simplifies the classification of baryons into flavour multiplets and leads to a straightforward (but generally complicated) derivation of Fierz identities and chiral transformations of baryon operators. This is in contrast with the N f = 2 case where we explicitly included isospin into the Γ 1,2 matrices and thus produced isospin invariant/covariant objects [12] . The reason for this switch is that in the N f = 3 case the baryons form octets and decuplets, rather than doublets and quartets, but the octet and decuplet projection operators cannot be easily introduced into this formalism.
A. Flavour SU (3) f decomposition for baryons
For the sake of notational completeness, we start with some definitions. The quarks of flavor SU (3) form either the contra-variant (3) or the covariant (3) fundamental representations. They are distinguished by either upper or lower index as
The two conjugate fundamental representations transform under flavor SU (3) transformations as
where a N (N = 1, · · · , 8) are the octet of SU (3) F group parameters and λ N are the eight Gell-Mann matrices. Since the latter are Hermitian, we may replace the transposed matrices with the complex conjugate ones. The set of eight λ N = −(λ N ) T = −(λ N ) * matrices form the generators of the irreducible3 representation. Now for three quarks, we show flavor SU (3) irreducible decomposition 3 ⊗ 3 ⊗ 3 = 1 ⊕ 8 ⊕ 8 ⊕ 10 explicitly in terms of three quarks. It can be done by making suitable permutation symmetry representations of three-quark products q A q B q C .
1. The totally antisymmetric combination which forms the singlet,
The normalization constant here is N = 1/ √ 6. In the quark model this corresponds to Λ(1405). In order to represent this totally antisymmetric combination, we can use the totally antisymmetric tensor ǫ ABC . Then the flavor singlet baryon field Λ can be written as:
2. The totally symmetric combination which forms the decuplet,
The normalization constant depends on the set of quarks for baryons: for q A , q B , q C = u, d, s, N = 1/ √ 6, while it is 1/6 for q A , q B , q C = uuu. In order to represent this totally symmetric flavor structure, we introduce the totally symmetric tensor S ABC P (P = 1, · · · , 10). Then the flavor decuplet baryon field ∆ can be written as:
The non-zero components of S ABC P (= 1) are summarized in Table I . The rest of components are just zero, for instance, S 
The two mixed symmetry tensors of the ρ and λ types are defined by
Here the two symbols in { } are first symmetrized and then the symbols in [ ] are anti-symmetrized. The normalization constant depends again on the number of different kinds of terms. The correspondence of the octet fields of (8) and the physical ones can be made first by taking the following combinations
This kind of "double index" (DC for N N 8ρ and DA for N N 8λ ) notation for the baryon flavour has been used by Christos [26] . In our discussions, we shall use the following form for the flavor octet baryon field
It is of the ρ type. But after using Fierz transformations to interchange the second and the third quarks, the transformed one contains λ type also, as we shall show in the following. The octet of physical baryon fields are then determined by
or put into the 3 × 3 baryon matrix
B. Counting the (in)dependent fields
In this section we investigate independent baryon fields for each Lorentz group representation which is formed by three quarks. The irreducible decomposition of the Lorentz group is done as
where we have ignored the multiplicity on the right hand side. The three representations are described by the Dirac spinor field, the Rarita-Schwinger's vector spinor field and the antisymmetric tensor spinor field, respectively. In order to establish independent fields when combined with color, flavor, and Lorentz (spin) degrees of freedom, we employ the method of Fierz transformations which are essentially equivalent to the use of the Pauli principle for three quarks.
Here we demonstrate the essential idea for the simplest case for the Dirac spinor, (
Other cases are briefly explained in Appendices A and B.
Flavor singlet baryon
Let us start with writing down five baryon fields which contain a diquark formed by five sets of Dirac matrices, 1, γ 5 , γ µ , γ µ γ 5 and σ µν ,
Among these five fields, we can show that the fourth and fifth ones vanish, Λ 4,5 = 0. This is due to the Pauli principle between the first two quarks, and can be verified, for instance, by taking the transpose of the diquark component and compare the resulting three-quark field with the original expressions [26] . The Pauli principle can also be used between the first and the third quarks, so we construct the primed fields where the second and the third quarks are interchanged, for instance,
Now expressing Λ i in terms of the Fierz transformed fields Λ ′ i , we find the following relations (see Appendix C),
On the other hand, by changing the indices B, C and b, c, for instance,
we see that the primed fields are just the corresponding unprimed ones, Λ ′ i = Λ i . Consequently, we obtain three homogeneous linear equations whose rank is just one, and we find the following solution
We see that there is only one non-vanishing independent field, which in the quark model corresponds to the odd-parity Λ(1405).
The flavour decuplet baryons
Among the five decuplet baryon fields formed by the five different γ-matrices, only two are non-zero:
Performing the Fierz transformation and with the relation ∆
), we find that there is only a trivial (null) solution to the homogeneous linear equations. Therefore, the Dirac baryon fields (fundamental representation of the Lorentz group) formed by three quarks can not survive the flavor decuplet.
The flavor octet baryon fields
Let us start once again with five fields, which have three potentially non-zero ones
These octet baryon fields have been studied in Refs [13, 14, 15] , where the independent ones are clarified. As before, we perform the Fierz rearrangement to obtain five equations with the primed fields, while N N ′ 4 and N N ′ 5 are not zero. For the first three equations, N 1,2,3 on the left hand side should be expressed by the primed fields. To this end, we can use the Jacobi identity
which can be used to relate the original fields N N i and primed ones N N ′ i , for instance,
from which we find
and the same relations for N are also necessary because the corresponding primed ones are not zero. They can be solved to obtain the following solutions:
which indicates that there are two independent octet fields, for instance, N Thus we have shown the same result just as in the two-flavour case [12] . In the following sections we shall show that the difference between the two fields N 1 and N 2 lies in their chiral properties: N 
The other λ type baryon field N N 8λ is complicated when used straightforwardly:
Therefore, we use another way based on
This contains partly 8 λ , and it is easily to verify that (18) and (20) compose a full description of octet baryon which is also fully described by using (18) and (19) . The way 8 ρ leads to octet fields N N i , and the other way 8 ′ ρ leads to other five ones
However, these fields can be related to the previous ones by changing the flavor and color indices B, C and b, c:
In nearly all the cases, the octet baryon fields from the second way can be related to the ones from the first way. Therefore, we shall omit the discussion of the second octet. One exception which concerns the chiral representation
C. A short summary of independent baryon fields
Properties of baryons fields expressed by the Rarita-Schwinger fields with one Lorentz index and those of the antisymmetric tensor-spinor fields with two Lorentz indices are discussed in Appendices A and B, respectively. Here let us make a short summary for independent baryon fields for all cases constructed by three quarks. For simplicity, here we suppress the antisymmetric tensor in color space ǫ abc , since it appears in all baryon fields in the same manner. Furthermore, it is convenient to introduce a "tilde-transposed" quark field q as follows
As we have shown already, for Dirac fields without Lorentz index, there are one singlet field Λ and two octet fields N 
For the Rarita-Schwinger fields with one Lorentz index, we would consider one singlet, three octet and one decuplet fields:
However, we find that
So, there are two non-vanishing independent fields: one octet field N N µ and one decuplet field ∆ µ . By using the projection operator:
they can be written as
For tensor fields with two antisymmetric Lorentz indices, we would have one singlet, three octet and two decuplet fields:
But in this case, we can show that there is only one non-vanishing field ∆ µν :
where
III. CHIRAL TRANSFORMATIONS
In this section, we establish the chiral transformation properties of the baryon fields which we have obtained in the previous section. Technically, this requires somewhat complicated algebra. However, the final result will be understood by making the left and right handed decomposition, as we will perform in the next section.
Let us start with the chiral transformation properties of quarks which are given by the following equations:
where λ 0 = 2/31, a 0 is an infinitesimal parameter for the U (1) V transformation, a the octet of SU (3) V group parameters, b 0 an infinitesimal parameter for the U (1) A transformation, and b the octet of the chiral transformations. The U (1) V chiral transformation is trivial which picks up a phase factor proportional to the baryon number. The U (1) A chiral transformation is slightly less trivial, and the baryon fields are transformed as
We note that the combinations of N 
where f ABC is the standard antisymmetric structure constant of SU (3), and g ABC 7
is defined in Table II . Eqs. (27) show nothing but the flavor charge of the baryons. For example, we can show explicitly:
The transformation rule under the axial-vector chiral transformations are rather complicated as they are no longer conserved and reflect the internal structure of baryons. To start with, we have the axial transformation of the three-quark baryon fields such as
The calculation is complicated, but rather straightforward. Here, we show therefore the final result of the axial transformation:
The coefficients d ABC are the standard symmetric structure constants of SU (3). For completeness, we show the following equation which define the d and f coefficients
Furthermore, the following formulae define the coefficients g 3 , g 5 and g 7 , which are proved by using M athematica, a software good at matrix calculation:
where indices A ∼ E take values 1, 2 and 3, N , M and O 1, · · · , 8, and P and Q 1, · · · , 10. The coefficients g 3 , g 5 and g 7 are listed in Table II , where we use "0" instead of "10". Other coefficients can be related to d, f , g 3 , g 5 and g 7 :
Let us explain Eqs. (30) 
where p − belongs to the octet baryon fields N (11)).
IV. CHIRAL MULTIPLETS/REPRESENTATIONS
So far, we have performed classifications without explicitly taking into account the left-and right-handed components of the quark fields. However, it does not require great imagination to see that the chiral properties are also conveniently studied in that language, since chiral symmetry is defined as the symmetries upon each chiral field. Hence, we define the left-and right-handed (chiral or Weyl representation) quark fields as
They form the fundamental representations of both the Lorentz group and the chiral group, It is convenient first to note that γ-matrices are classified into two categories; chiral-even and chiral-odd classes. The chiral-even γ-matrices survive forming diquarks with identical chiralities, while the chiral-odd ones form diquarks from quarks with opposite chiralities. The chiral-even and -odd γ-matrices are chiral-even: 1, γ 5 , σ µν , chiral-odd: γ µ , γ µ γ 5 .
Therefore, we have six non-vanishing diquarks in the chiral representations,
where we have indicated the Lorentz and chiral representations of the diquarks. For three quarks, we have
and together with the terms where L and R are exchanged. Now we discuss the independent fields in terms of the chiral representations. Once again, for illustration we will discuss here the case of the simplest Lorentz representation ( For (1, 1) → 1 f , there are apparently two non-zero fields
where Λ L 3 vanishes because γ µ γ 5 is chiral-odd
After performing the Fierz transformation to relate Λ Li and Λ ′ Li as we have done before, and solving the coupled equations, we find the solution that all such fields vanish.
For (10, 1) → 10 f , we would have again two non-zero components:
Performing the Fierz transformation to relate ∆ P Li and ∆ P ′ Li , we obtain the solution that all such (LL)L fields vanish. Finally for (8, 1) → 8 f , we may consider once again two non-zero fields to start with
Applying the Fierz transformation to relate N Therefore, there is only one independent (LL)L 8 f field.
B. Independent (LL)R fields
The chiral representations of (LL)R are (3, 3) ⊕ (6, 3). We will study them separately in the following. For (3, 3) → 1 f , there appears to exist two non-zero components among the five fields,
where M (mixed) indicates that the fields contain both left and right handed quarks. Performing the Fierz transformation to relate Λ Mi and Λ ′ Mi , we obtain the following relations
We may consider other ten combinations formed by (LR) and (RL) diquarks, (LR)L and (RL)L. However, they can be related to the above ones of (LL)R by a rearrangement of indices as well as the Fierz transformation, for instance,
Therefore, we have only one independent field. For the chiral representation (6, 3) → 10 f , we can write five fields containing diquarks formed by five Dirac matrices. However, we can show that after performing the Fierz transformation all fields vanish. Therefore, this representation can not support three-quark fields.
The baryon fields of chiral representations (3, 3) → 8 f can be formed
where we see that there are two non-zero fields. Applying the Fierz transformation, we can verify that there is only one independent field with the following relations
Another chiral representation (6, 3) → 8 f can be constructed by the combinations similar to (39), for instance,
After similar algebra we can verify that all these fields vanish.
C. A short summary of chiral representations
To summarize this section, we find that possible chiral representations for Dirac spinor baryon fields without Lorentz index are:
So we can see that the fields Λ and N 
So we see that N N µ and ∆ P µ are of the type LLR ⊕ RRL, and belong to the chiral representation (6, 3) ⊕ (3, 6). The (similar) results for ∆ P µν , which is of the type LLL ⊕ RRR, and belongs to the chiral representation (10, 1) ⊕ (1, 10), are omitted here.
V. AXIAL COUPLING CONSTANTS
As a simple application of the present mathematical formalism, we can extract the (diagonal) axial coupling constants g A of baryons. All information is contained in Eqs. (26) and (28), from which we can calculate the Abelian U (1) A axial coupling constant g 0 A and the non-Abelian SU (3) V × SU (3) A diagonal axial coupling constants, g 
where B is the 3 × 3 baryon matrix, Eq. (12). Therefore, we have
where we omit the Lorentz part. In other words,
for the octet parts. The operator I z is the third component of isospin. While the singlet part g 0 A contains only the D term and is trivial.
For the decuplet baryons, the SU (3) coupling constants contain only one SU (3) irreducible term because the SU (3) Clebsch-Gordan series for10 ⊗ 10 ⊗ 8 contains only one singlet. In order to extract the coupling constants, we first rewrite Eqs. (26) and (28) 
where B represents the baryon field, such as Λ and N 5 is proportional to the isospin value of I z , which is related to λ 3 /2. We factor it out from the definition of g 3 A :
where dots · · · on the right hand side contain off-diagonal terms. 5 is the same for the baryon fields belonging to one isospin multiplet. We define it to be
For g
The resulting axial coupling constants g Table III , one can compute the F and D couplings easily. The resulting F/D ratio,
is also tabulated in the last column of Table III . Empirically, α ∼ 0.6, which is fairly close to the SU (6) quark model value. In the present formalism we see that only the (3, 6) ⊕ (6, 3) chiral multiplet/representation reproduces this 
value. Previous works have shown that this value is physically related to the coupling of the nucleon to the ∆(1232), as demonstrated in the Adler-Weisberger sum rule [28, 29] . This was also shown algebraically by Weinberg [1] . In both cases, saturation of the pion (axial-vector) induced transition from the nucleon to the ∆(1232) is essential [30] .
In the present study, this is realized by the chiral representation which includes both the nucleon (isospin 1/2) and delta (isospin 3/2) states. It is also interesting that Table III shows that g . Here we have found the same result for the isovector, as well as extended it to the isosinglet part in a purely algebraic manner.
VI. SUMMARY
In this paper we have performed a complete classification of flavor vector and chiral symmetries, and established several types of independent relativistic SU (3) baryon interpolating fields. The three-quark fields may belong to one of several different Lorentz group representations which fact imposes certain constraints on possible chiral symmetry representations. This is due to the Pauli principle and has been explicitly verified by the method of Fierz transformations. As the present results reflect essentially the Pauli principle, they can be conveniently summarized as shown in Table IV by using the permutation symmetry group properties/representations. This table "explains" also the previous results for the case of isospin SU (2) L × SU (2) R [12] . From this table we have explicated the effective role of the Pauli principle in separate sectors of the left-and right-handed fermions.
In the real world, with spontaneous breaking of chiral symmetry, physical states of pure chiral (axial) symmetry representation do not occur, but in general they can mix in a state having a definite flavor symmetry. The present results show that the three-quark structures accommodate only a few (sometimes just one) chiral representations, for instance, for the total spin 1/2 field of Dirac spinor, the allowed chiral representations are two having the structure of Young tableaux ( [21] , −) and ( [1] , [11] ), where − indicates singlet. The ( [21] , −) representation corresponds respectively to ( (2) and SU (3), respectively. Note that the chiral representations have the same structure as those of the Lorentz group. In this way, the Lorentz (spin) and flavor structures are combined into a structure of total permutation symmetry. As shown in the computation of g A , in general, various couplings depend on the chiral representations with possible mixing. In this appendix, we study the properties of Rarita-Schwinger fields, in the form of
where there are eight possible pairs of Γ 1 and Γ 2 ,
The fields formed by these (Γ 1 , Γ 2 ) pairs are labeled by the subscript i = (1, · · · , 8) with the ordering of Eq. (A2). The discussion is separated into singlet, decuplet and octet cases.
a. Flavor singlet baryon
For flavor singlet fields, there are four apparently non-zero fields
As before, the Fierz transformed fields (primed fields) are just the corresponding unprimed ones, Λ ′ iµ = Λ iµ . On the other hand, by applying the Fierz rearrangement (see Appendix. C), we obtain four equations
Thus we find the following solution
We see that there is only one non-vanishing independent field. However, it has a structure of γ µ Λ i . Therefore, they are all Dirac fields, and there is no flavor singlet fields of the Rarita-Schwinger type.
b. Flavor decuplet baryon
For flavour decuplet fields, we have four potentially non-zero interpolators
As before, the Fierz transformed fields can be related to the corresponding unprimed ones, ∆
On the other hand, by applying the Fierz rearrangement to relate ∆ N iµ and ∆ N ′ iµ , we obtain the solution
There are no Dirac decuplet fields. Therefore, we obtain one extra non-vanishing field.
c. Flavor octet baryon
To study the octet baryon fields, we start with eight baryon fields:
There are four zero fields, but the corresponding Fierz transformed ones are non-zero. By using the Jacobi identity in Eq. (17), we obtain
Similarly, performing the Fierz transformation to relate N N iµ and N N ′ iµ , we obtain the solution (16)). Therefore, we only obtain one extra octet baryon field. It is formed by using the projection operator:
APPENDIX B: TENSOR FIELDS
In this appendix, we study the antisymmetric tensor baryons fields J µν with J µν = −J νµ . For the tensor fields, we can form nine three-quark fields where the possible pairs of Γ 1 and Γ 2 are
The fields formed by these (Γ 1 , Γ 2 ) pairs are labeled by the subscript i = (1, · · · , 9) with the ordering of Eq. (B1). The discussion is separated into singlet, decuplet and octet cases.
d. Flavor singlet baryon
The flavour singlet baryon fields have four potentially non-zero interpolators among nine fields:
As before, the Fierz transformed fields are just the corresponding unprimed ones, Λ ′ iµν = Λ iµν . On the other hand, by applying the Fierz rearrangement to relate Λ iµν and Λ ′ ıµν , we obtain the solution:
Therefore, there is only one independent field. However, it has a structure of σ µν Λ i . Therefore, there are no extra fields.
e. Flavor decuplet baryon
The flavour decuplet baryon fields have five potentially non-zero interpolators:
On the other hand, by applying the Fierz rearrangement to relate ∆ P iµν and ∆ P ′ iµν , we obtain two independent fields: ∆ P 1µν and ∆ P 7µν :
The first one ∆ P 1µν can be related to the Rarita-Schwinger baryon fields, but the second one ∆ P 7µν can not. Therefore, we obtain one extra decuplet fields. It is formed by using the projection operator:
f. Flavor octet baryon
To study the octet baryon fields, we start with nine octet baryon fields
There are five zero fields, but the Fierz transformed ones are non-zero. By using the Jacobi identity in Eq. (17), we obtain
Similarly, performing the Fierz transformation to relate N 
All these three fields can be related to the Dirac spinor and Rarita-Schwinger fields. Therefore, there are no extra octet fields.
APPENDIX C: FIERZ TRANSFORMATION
In this appendix, we list the Fierz transformations used in our calculation, which are proved by using M athematica [27] . Here we would like to show only the change in the structure of Lorentz indices of direct products of two Dirac matrices under the Fierz rearrangement. Therefore, in the following equations, we do not include the minus sign which arises from the exchange of quark fields. The formulae go for the three cases corresponding to the Dirac, Rarita-Schwinger and tensor fields when applied to three-quark fields.
Products of two Dirac matrices without Lorentz indices:
 
2. Products of two Dirac matrices with one Lorentz index: 
3. Products of two Dirac matrices with two anti-symmetric Lorentz indices: In this appendix, we study the chiral properties of Rarita-Schwinger fields. As previously described in Section IV, we only need to study the properties of (LL)L, (LL)R, (LR)L and (RL)L.
Chiral properties of (LL)L
The chiral representations of (LL)L are (1, 1) ⊕ (8, 1) ⊕ (8, 1) ⊕ (10, 1). We will study them separately in the following.
(1) In principle, there are eight possibilities of making the Rarita-Schwinger fields as shown in Eq. (A2). However, the chiral representation (1, 1) has just two non-zero fields:
Similarly performing the Fierz transformation to relate Λ Liµ and Λ ′ Liµ , we obtain the solution that all such kind of fields vanish.
(2) The chiral representation (10, 1) has two non-zero fields:
Similarly performing the Fierz transformation to relate ∆ Others are just zero. There is only one non-vanishing octet baryon field.
Chiral properties of (LL)R, (LR)L and (RL)L
The chiral representations of (LL)R, (LR)L and (RL)L are (3, 3) ⊕ (6, 3). We will study them separately in the following.
(1) The chiral representation (3, 3) → 1 f has two non-zero components:
Similarly performing the Fierz transformation to relate Λ Miµ and Λ ′ Miµ , we obtain the solution
Others are just zero. There is only one non-vanishing field. Others (LR)L and (RL)L can be related to this one.
(2) The chiral representation (6, 3) → 10 f has two non-zero components: In order to study the chiral representations (6, 3) → 8 f , we need to consider the second way (see the discussion in Section II B 3) which leads to four non-zero fields: ((3, 3) ). However, the other N N M7µ can not be related to N N Miµ , and so contains some (6, 3) component. other Others (LR)L and (RL)L can be related to (LL)R. Chiral properties of the tensor fields can be also explored in completely the same procedure explained here. Therefore, we do not show this case any more.
